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METHOD OF FORMING ALIGNMENT FEATURES 
FOR CONDUCTIVE DEVICES 

TECHNICAL FIELD 

The invention relates to an improved method for forming alignment 
5 features on conductive devices. 

BACKGROUND ART 

An important and continuing goal in the computer and electronics 
industries is that of increasing conductive or signal trace density and bandwidth of 
10 conductive devices, such as printed circuit boards (PCB's). A limiting factor for 
increasing the trace density is the ability to properly align the traces of one PCB with 
the traces of another PCB when the PCB's are electrically joined together. In order 
to align the traces of the PCB's, alignment features are typically formed on each 
PCB. 

15 A prior method of forming a PCB with such alignment features 

includes forming a plurality of traces on a substrate. The PCB is then inserted into 
a drilling device, and a drill bit of the drilling device is optically aligned with contact 
portions of the traces. Next, the drill bit is used to form a plurality of mechanical 
alignment features such as holes in the board. The holes may then be used to pin the 

20 PCB to another PCB having similar holes so as to align the contact portions of the 
PCB's. 

Because the mechanical alignment features are formed separately from 
the traces, it is difficult to obtain precise registration of the mechanical alignment 
features with the contact portions of the traces. 

25 
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DISCLOSURE OF INVENTION 

The invention addresses the shortcomings of the prior art by providing 
an improved method of forming a conductive device having one or more mechanical 
alignment features that are aligned with conductive traces of the device. 

5 

Under the invention, a method of forming a conductive device 
includes forming a conductive layer on a substrate; etching the conductive layer to 
form a plurality of conductive traces; etching the conductive layer to form at least 
one mask feature; and removing substrate material that is not covered by the at least 
10 one mask feature so as to form at least one mechanical alignment feature. 

!; 3 Preferably, the forming steps are performed simultaneously by a 

J i photo-etching process. As a result, precise registration between the at least one mask 

j ^ feature and the contact portions can be achieved. 

15 Advantageously, the method of the invention may be used to form 

! : - various configurations of the at least one alignment feature. For example, the at least 

i'I one alignment feature may be formed as a hole, a side edge, a tab and/or a slot. 

O More specifically, a method under the invention of forming a printed 

circuit board includes forming a conductive layer on a substrate; etching the 
20 conductive layer to form multiple conductive traces, each trace having a contact 
portion; etching the conductive layer to form multiple mask features that cooperate 
to define a template; and ablating with a laser substrate material that is not covered 
by the template so as to form a plurality of mechanical alignment features. 

Theses and other objects, features and advantages of the invention are 
25 readily apparent from the following detailed description of the best modes for 
carrying out the invention when taken in conjunction with the accompanying 
drawings. 
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BRIEF DESCRIPTION OF DRAWINGS 

FIGURE 1 is a perspective view of a first embodiment of a 
conductive network according to the invention including first and second multi-layer 
printed circuit boards and a connector assembly, wherein the connector assembly 
5 includes first and second plug assemblies and a socket assembly; 

FIGURE 2 is an exploded perspective view of the plug assemblies and 
the socket assembly; 

FIGURE 3 is a side cross-sectional view of the conductive network 
showing the plug assemblies engaged with the socket assembly; 

10 FIGURE 4 is an enlarged fragmentary view of a portion of Figure 3; 

FIGURE 5 is a plan view of a first signal layer of the first printed 

circuit board; 

FIGURE 6 is a bottom view of the first signal layer of the first printed 

circuit board; 

15 FIGURE 7 is a plan view of a second signal layer of the first printed 

circuit board; 

FIGURE 8 is a bottom view of the second signal layer of the second 
printed circuit board; 

FIGURE 9 is a perspective view of a bridge pad of the socket 

20 assembly; 

FIGURE 10 is a fragmentary perspective view of the bridge pad of 

Figure 9; 
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FIGURE 11 is a fragmentary plan view of the bridge pad of Figure 

9; 

FIGURE 12 is a perspective view of a second embodiment of the 
conductive network according to the invention including first and second multi-layer 
5 printed circuit boards and a connector assembly, wherein the connector assembly 
includes first and second fixtures and a plurality of fasteners; 

FIGURE 13 is a cross-sectional view of the second embodiment of the 
conductive network with the first and second fixtures spaced away from each other; 

FIGURE 14 is a cross-sectional view of the second embodiment of the 
conductive network with the first and second fixtures engaged with each other; 

FIGURE 15 is an enlarged fragmentary cross-sectional view of the 
first and second printed circuit boards of the second embodiment of the conductive 
network positioned adjacent each other; 

15 FIGURE 16 is a fragmentary plan view of a first signal layer of the 

first printed circuit board of the second embodiment of the conductive network; 

FIGURE 17 is a fragmentary plan view of a first bridge layer of the 
first printed circuit board of the second embodiment of the conductive network; 

FIGURE 18 is a fragmentary plan view of a second signal layer of the 
20 second printed circuit board of the second embodiment of the conductive network; 

FIGURE 19 is a fragmentary plan view of a second bridge layer of the 
second printed circuit board of the second embodiment of the conductive network; 

FIGURE 20 is a perspective view of a third embodiment of the 
conductive network according to the invention including first and second printed 
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circuit boards and a connector assembly, wherein the connector assembly includes 
first and second fixtures; 

FIGURE 21 is a side view of the third embodiment of the conductive 

network; 

5 FIGURE 22 is a cross-sectional view of the third embodiment of the 

conductive network; 

FIGURE 23 is a perspective view of the printed circuit boards of the 
third embodiment of the conductive network with the first and second fixtures 
removed; 

FIGURE 24 is a bottom perspective view of the printed circuit boards 

of Figure 23; 

FIGURE 25 is an end cross-sectional view of the printed circuit 
boards of Figure 23; and 

15 FIGURE 26 is a fragmentary perspective view of a fourth embodiment 

of the conductive network according to the invention. 

BEST MODES FOR CARRYING OUT THE INVENTION 

Figures 1-4 show a conductive system or network 10 for use in 
computer and/or electronic equipment, such as data processing equipment and 

20 networking equipment. The network 10 includes first and second conductive 
devices, such as first and second multi-layer printed circuit boards (PCB's) 12 and 
14, respectively, and a connector assembly 16 for connecting together the PCB's 12 
and 14. The first PCB 12 has a first main body 18 that includes multiple first signal 
layers 20. A portion 21 of each first signal layer 20 preferably extends beyond the 

25 first main body 18 so as to provide access to each first signal layer 20. Furthermore, 
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the portions 21 are preferably flexible and not bonded to each other proximate distal 
ends of the portions 21, so that the portions 21 are independently moveable. 

Referring to Figures 5 and 6, each first signal layer 20 has a first 
substrate 22, a plurality of first conductive paths or traces 24 disposed on one side 
5 of the first substrate 22, and a first ground plane 26 disposed on an opposite side of 
the first substrate 22. While the first substrates 22 may comprise any suitable 
material such as an insulating polymer, each first substrate 22 preferably comprises 
HBR Flex™, available from Hadco Corp. of Salem, New Hampshire. Other suitable 
materials include MYLAR™. 

10 Each first trace 24 includes a first contact portion 28. Preferably, first 

substrate material is removed between adjacent first contact portions 28 so as to form 
a plurality of first apertures such as first gaps or notches 29. With such a 
configuration, each first contact portion 28 may be independently displaced with 
respect to the other first contact portions 28. Alternatively, first substrate material 

15 may be removed between select first contact portions 28, or the first substrate 22 
may be left intact. 

Each first ground plane 26 may have any suitable configuration such 
as a solid plane shown in Figure 6, or a cross-hatched configuration as is known in 
the art. Each first ground plane 26 also includes a plurality of first ground contact 
20 portions 30. Advantageously, the first ground contact portions 30 are also separated 
by the first notches 29 so that each first ground contact portion 30 may be 
independently displaced with respect to the other first ground contact portions 30. 

Each first signal layer 20 also includes one or more first alignment 
features, such as first holes 31 and first side edges 32 as shown in Figure 5. The 
25 first alignment features are used to align the first contact portions 28 with respect to 
other elements, as explained below in greater detail. The first alignment features are 
preferably formed by a novel process described below, so as to provide precise 
registration of the first alignment features with respect to the first contact portions 
28. 
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Similar to the first PCB 12, the second PCB 14 has a second main 
body 33 that includes multiple second signal layers 34 as shown in Figures 1 and 2. 
A portion 35 of each second signal layer 34 preferably extends beyond the second 
main body 33 so as to provide access to each second signal layer 34. Furthermore, 
5 the portions 35 are preferably flexible and not bonded to each other proximate distal 
ends of the portions 35, as shown in Figure 2, so that the portions 35 are 
independently moveable. 

Referring to Figures 7 and 8, each second signal layer 34 has a second 
substrate 36, a plurality of second conductive paths or traces 38 disposed on one side 

10 of the second substrate 36, and a second ground plane 40 disposed on an opposite 
side of the second substrate 36. Each second trace 38 includes a second contact 
portion 42. Preferably, second substrate material is removed between adjacent 
second contact portions 42 so as to form a plurality of second apertures such as 
second gaps or notches 43. With such a configuration, each second contact portion 

15 42 may be independently displaced with respect to the other second contact portions 
42. Alternatively, second substrate material may be removed between select second 
contact portions 42, or the second substrate 36 may be left intact. 

Each second ground plane 40 may have any suitable configuration 
such as a cross-hatched configuration shown in Figure 8, or a solid plane. Each 
20 second ground plane 40 also includes a plurality of second ground contact portions 
44. Advantageously, the second ground contact portions 44 are also separated by the 
second notches 43 so that each second ground contact portion 44 may be 
independently displaced with respect to the other second ground contact portions 44. 

Each second signal layer 34 also includes one or more second 
25 alignment features, such as second holes 45 and second side edges 46. The second 
alignment features are used to align the second contact portions 42 with respect to 
other elements, as explained below in greater detail. The second alignment features 
are preferably formed by a novel process described below, so as to provide precise 
registration of the second alignment features with respect to the second contact 
30 portions 42. 
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Referring to Figures 1-3, the connector assembly 16 is used to 
electrically join together the first and second contact portions 28 and 42, 
respectively, as well as the first and second ground planes 26 and 40, respectively. 
The connector assembly 16 includes multiple fixtures that are joinable together. For 
5 example, the connector assembly 16 may include first and second spacer assemblies 
such as first and second plug assemblies 47 and 48, respectively, and a bridging 
assembly such as a receptacle or socket assembly 50. Alternatively, the spacer 
assemblies may be configured as socket assemblies, and the bridging assembly may 
be configured as a plug assembly. The connector assembly 16 further includes a 
10 clamping device 51, as shown in Figures 1 and 3. 

P The first plug assembly 47 is connected to the first PCB 12, and 

includes a first housing 52 that receives the first signal layers 20. The first plug 
L 3 assembly 47 further includes a plurality of first spacers 53, and each first spacer 53 

*= is disposed between adjacent first signal layers 20, or between a first signal layer 20 

^ 15 and the first housing 52, for spacing the first signal layers 20 apart. Each first spacer 

-j" 53 includes a plurality of first spacer holes 54 that are aligned with the first holes 31 

=;f of the first signal layers 20. While the first spacers 53 may comprise any suitable 

material, the first spacers 53 preferably comprise a non-conductive polymer. 

O One or more first alignment members, such as first pins 55, extend 

20 through the first holes 31 and the first spacer holes 54, so as to align the first signal 
layers 20 with respect to each other and with respect to the first spacers 53. The first 
pins 55 also connect the first signal layers 20 to the first housing 52. 

Alternatively, in lieu of the first pins 55 and the first spacer holes 54, 
each first spacer 53 may be provided with a plurality of projections on one side that 

25 extend through the first holes 31 of a particular first signal layer 20, and a plurality 
of recesses on an opposite side for receiving the projections of another first spacer 
53. With such a configuration, the first spacers 53 may be snap fit together with 
each first signal layer 20 being sandwiched between two first spacers 53. The first 
housing 52 may also be provided with additional projections on one interior surface 

30 and additional recesses on another interior surface, so that one first spacer 53 may 
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be snap fit onto the additional projections and another first spacer 53 may be snap fit 
into the additional recesses. 

The second plug assembly 48 is connected to the second PCB 14 and 
5 includes a second housing 56 that receives the second signal layers 34. The second 
plug assembly 48 further includes a plurality of second spacers 57, and each second 
spacer 57 is disposed between adjacent second signal layers 34, or between a second 
signal layer 34 and the second housing 56, for spacing the second signal layers 34 
apart. Each second spacer 57 includes a plurality of second spacer holes 58 that are 
10 aligned with the second holes 45 of the second signal layers 34. While the second 
spacers 57 may comprise any suitable material, the second spacers 57 preferably 
comprise a non-conductive polymer. 

One or more second alignment members, such as second pins 59, 
extend through the second holes 45 and the second spacer holes 58, so as to align the 
15 second signal layers 34 with respect to each other and with respect to the second 
spacers 57. The second pins 59 also connect the second signal layers 34 to the 
second housing 56. 

Alternatively, in lieu of the second pins 59 and the second spacer 
holes 58, each second spacer 57 may be provided with a plurality of projections on 

20 one side that extend through the second holes 45 of a particular second signal layer 
34, and a plurality of recesses on an opposite side for receiving the projections of 
another second spacer 57. With such a configuration, the second spacers 57 may be 
snap fit together with each second signal layer 34 being sandwiched between two 
second spacers 57. The second housing 56 may also be provided with additional 

25 projections on one interior surface and additional recesses on another interior 
surface, so that one second spacer 57 may be snap fit onto the additional projections 
and another second spacer 57 may be snap fit into the additional recesses. 

The socket assembly 50 is releasably engageable with the plug 
30 assemblies 47 and 48. The socket assembly 50 includes a third housing, such as a 
socket housing 60, having first and second openings 62 and 64, respectively. A 
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plurality of bridge layers such as bridge pads 66 are disposed in the socket housing 
60 for electrically bridging the signal layers 20 and 34. Referring to Figures 9-11, 
each bridge pad 66 includes a bridge substrate 67 and a plurality of bridge traces 68 
disposed on one side of the bridge substrate 67. Each bridge trace 68 has first and 
5 second bridge contact portions 70 and 72, respectively. Preferably, bridge substrate 
material is removed between adjacent bridge contact portions 70 and 72 so as to form 
a plurality of apertures 74. With such a configuration, each bridge contact portion 
70 and 72 may be independently displaced with respect to the other bridge contact 
portions 70 and 72. 

10 Each bridge contact portion 70 and 72 may have any suitable 

configuration, such as a U-shaped configuration or a rectangular configuration. In 
the embodiment shown in Figures 9-11, each bridge contact portion 70 and 72 has 
a fish-bone configuration that includes a longitudinally extending main section and 
a plurality of laterally extending projections extending from the main section. 

15 Preferably, each aperture 74 extends between the laterally extending projections of 
a particular bridge contact portion 70 and 72, so that each laterally extending 
projection may also be independently displaced. 

Referring to Figures 2 and 9, the socket assembly 50 further includes 
a plurality of separators 76, a plurality of fill pads 77, and one or more alignment 

20 members such as rollers 78. The separators 76 cooperate with the bridge pads 66 to 
separate select bridge pads 66 from each other so as to receive select signal layers 
20 and 34 therebetween. The fill pads 77 preferably comprise an elastomer or other 
suitable material, and function to concentrate clamping forces on the contact portions 
28, 30, 42, 44, 70 and 72, as explained below in greater detail. The third spacers 

25 77 also allow for the independent displacement of the contact portions 28, 30, 42, 
44, 70 and 72. The rollers 78 are engageable with side edges 80 of each bridge pad 
66 so as to properly align the bridge pads 66 within the socket housing 60. 

Alternatively, the socket assembly 50 may be provided with bridge 
layers that each include a bridge substrate and a plurality of bridge traces disposed 
30 on opposite sides of the bridge substrate. With such a configuration, a single bridge 
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layer could be used to electrically join together two pairs of mating signal layers. 
For example, such a bridge layer could be used to electrically join first signal traces 
24 of each of two first signal layers 20 with second signal traces 38 of each of two 
second signal layers 34. 

5 Referring to Figures 1, 3 and 4, the clamping device 51 cooperates 

with the socket assembly 50 to force together the bridge pads 66 and the signal layers 
20 and 34 such that a first group of bridge pads 66 electrically joins the first and 
second traces 24 and 38, respectively, and a second group of bridge pads 66 
electrically joins the first and second ground planes 26 and 40, respectively. The 

10 clamping device 51 includes first and second clamp sections 82 and 84, respectively, 
that are attached to the first and second housings 53 and 56, respectively, such that 
the first and second clamp sections 82 and 84, respectively, can move with respect 
to the first and second housings 53 and 56, respectively. The first clamp section 82 
has a pair of engaging portions 86 that are engageable with a pair of engaging 

15 portions 88 of the second clamp section 84 so as to exert a clamping force on the 
bridge pads 66 and signal layers 20 and 34, through the openings 62 and 64. 
Alternatively, the clamping device 52 may have any suitable configuration for 
exerting a sufficient clamping force on the bridge pads 66 and signal layers 20 and 
34. 

20 A method according to the invention for manufacturing the PCB's 12 

and 14, and for assembling the conductive network 10 will now be described. 
Because the PCB's 12 and 14 may be made in a similar manner, this detailed 
description will focus primarily on the method of making the first PCB 12. 
However, a thorough understanding of the method of making the second PCB 14 will 

25 be apparent therefrom. Each first signal layer 20 of the first PCB 12 is preferably 
made by a photo-etching process followed by on ablation process, as explained below 
in detail. 

Referring to Figures 5 and 6, conductive films or foils, such as copper 
foils or copper-alloy foils, are first applied to both sides of a particular first substrate 
30 22, as is known in the art. Next, a substance that hardens when exposed to 
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* 



ultraviolet light, such as dry film resist, is preferably applied over the foils. A 
pattern, commonly referred to as artwork, is then placed over the dry film resist on 
each side of the substrate 22. Each pattern covers portions of a particular foil that 
are to be removed such as through chemical etching. In accordance with an aspect 

5 of the invention, the pattern placed on one side of the first substrate 22 preferably 
defines the outlines or outer boundaries of the first traces 24, as well as outer 
boundaries of first guide features or first mask features 90 to be used in forming the 
first alignment features, such as the first holes 31 andfist-si^le edges 32. The pattern 
placed on the opposite side of the first substrate 22 defines the outline of the first 

10 ground plane 26, including the first ground contact portions 30. 

Next, sections of the dry film resist not covered by the patterns are 
exposed to ultraviolet light so as to harden such sections. Non-hardened sections of 
the dry film resist are then removed through a chemical process known as 
developing. Next, portions of the foils not covered by hardened dry film resist are 
15 removed, such as by chemical etching, so as to define the first traces 24 and first 
mask features 90 on the one side of the first substrate 22, and to define the ground 
plane 26 on the opposite side of the first substrate 22. 

The first mask features 90 cooperate to define a cutting template that 
defines outer boundaries of the first alignment features. Next, a soft laser, i.e., a 

20 laser that will not remove or ablate the foils, is used to ablate first substrate material 
that is not in the shadow of or otherwise covered by the template so as to define the 
first alignment features. The beam of the laser is preferably positioned normal to the 
first substrate 22 so that the template may be used to accurately define the first 
alignment features. Alternatively, first substrate material may be removed by plasma 

25 ablation or any other suitable ablation process. 

Because the first mask features 90 are formed simultaneously with the 
first traces 24, the method of the invention provides precise registration of the first 
alignment features with the first traces 24. For example, tolerances of ±0.025 
millimeters (mm) may be achieved between each first hole 31 and each first contact 
30 portion 28. Advantageously, with such a process, tolerances between the first 
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contact portions 28 and the first alignment features is reduced to tolerances 
achievable through the photo-etching process. 

Alternatively or supplementally, first alignment features may be 
formed in the same manner for the first ground contact portions 30 of the first 
5 ground plane 26. With this arrangement, first mask features would need to be 
formed on the same side of the first substrate 22 as the first ground contact portions 
30, so as to provide precise registration of such first mask features with the first 
ground contact portions 30. 

The laser, or other suitable device, is also preferably used to remove 
10 first substrate material disposed between the first contact portions 28, so as to form 
the first notches 29. During this process, the first contact portions 28 function as 
mask features or templates for the first notches 29. 

After a plurality of first signal layers 20 have been formed, the first 
signal layers 20 may be bonded together and cut to a desired size and shape so as to 
15 form the first PCB 12 having the first main body 18 and portions 21 that extend from 
the first main body 18. As previously mentioned, however, the portions 21 are 
preferably not bonded to each other proximate distal ends of the portions 21. 
Alternatively, the first signal layers 20 may be cut or otherwise shaped prior to 
bonding the first signal layers 20 together. 

20 

Returning to Figures 1 and 2, the portions 21 of the first PCB 12 are 
then positioned between top and bottom pieces of the first housing 52 of the first plug 
assembly 47, along with the first spacers 53. The first pins 55 are then inserted 
through the first holes 31 and the first spacer holes 54, and engaged with the first 
25 housing 52, so as to properly align the first signal layers 20 within the first housing 
52. The two pieces of the first housing 52 are then preferably snap fit together. 
Alternatively, the pieces of the first housing 52 may be connected together in any 
suitable manner such as with one or more fasteners or an adhesive. 
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As explained above, the second PCB 14 may be manufactured in a 
similar manner as the first PCB 12. The second PCB 14 may also be connected to 
the second plug assembly 48 in a similar manner as described above with respect to 
the first PCB 12 and the first plug assembly 47. 

The bridge pads 66 of the socket assembly 50 are also preferably 
manufactured in a similar manner as the first signal layers 20 of the first PCB 12. 
More specifically, referring to Figures 9-11, the bridge traces 68 may be formed on 
one side of each bridge substrate 67 by the photo-etching process described above 
in detail. Similarly, guide features or mask features for forming the side edges 80 
may also be formed by the photo-etching process. Bridge substrate material is then 
preferably removed from each bridge substrate 67 by laser ablation, or other suitable 
ablation process, so as to form the apertures 74 and to define the side edges 80, 
which function as alignment features for the bridge layers 66. 

Each bridge pad 66 is then shaped or otherwise formed, such as by 
folding, to achieve a desired configuration. Each bridge pad 66 is preferably formed 
so as to have a cavity 91 for receiving a separator 76 and a fill pad 77. 
Furthermore, each bridge pad 66 may be formed around a separator 76 and a fill pad 
77, or a separator 76 and a fill pad 77 may be inserted into each bridge pad 66 after 
each bridge pad 66 has been formed into the desired configuration. 

While each separator 76 may be any suitable device that is able to be 
compressed together under sufficient pressure, each separator 76 is preferably a 
stamped metal spring or other suitable spring. Each bridge pad 66 may also be 
provided with a conductive foil 92, or other suitable layer, on the side of the 
corresponding bridge substrate 67 opposite the bridge traces 68. Such a foil assists 
in maintaining the desired configuration of the bridge pad 66. 

Returning to Figures 1 and 2, the bridge pads 66 are then positioned 
between top and bottom pieces of the socket housing 60 so that the bridge traces 68 
of adjacent bridge pads 66 face each other. The rollers 78 are then engaged with the 
side edges 80 of the bridge pads 66 so as to align the bridge pads within the housing 
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60. The two pieces of the socket housing 60 are then preferably snap fit together. 
Alternatively, the pieces of the socket housing 60 may be connected together in any 
suitable manner such as with one or more fasteners or an adhesive. The socket 
housing 60 may then be mounted in a panel or other member that supports the socket 
assembly 50. 

Referring to Figures 1, 3 and 4, the first and second plug assemblies 
47 and 48 may then be inserted into or otherwise engaged with the socket assembly 
50, such that first and second openings 93 and 94, respectively, of each plug 
assembly 47 and 48 are respectively aligned with the first and second openings 62 
and 64, respectively, of the socket assembly 50. Next, the first and second clamp 
portions 82 and 84 may be slid or otherwise moved toward each other, until the 
engaging portions 86 and 88 are engaged with each other, so as to apply the 
clamping force on the bridge pads 66 and signal layers 20 and 34. Advantageously, 
the assemblies 47, 48 and 50 allow for blind joining of the PCB's 12 and 14 if, for 
example, the socket assembly 50 is mounted in a panel or other support member. 

The fill pads 77 function to concentrate the clamping force at the 
contact portions 28, 30, 42, 44, 70 and 72, thereby improving the connection 
between the PCB's 12 and 14. Advantageously, because the fill pads 77 preferably 
comprise an elastomer or other suitable flexible material, the fill pads 77 are able to 
conform to surface variations, or non-coplanarity, of the signal layers 20 and 34 and 
bridge pads 66 so as to maintain an even distribution of the clamping force over the 
contact portions 28, 30, 42, 44, 70 and 72. 

Moreover, because each contact portion 28, 30, 42, 44, 70 and 72 is 
preferably independently moveable, the conductive network 10 is able to overcome 
any non-coplanarity of the signal layers 20 and 34, as well as any non-coplanarity of 
the bridge pads 66 proximate the bridge traces 68. More specifically, each contact 
portion 28, 30, 42, 44, 70 and 72 may be independently displaced so as to provide 
maximum contact with a respective mating contact portion 28, 30, 42, 44, 70 and 72. 
As a result, the conductive network 10 provides optimum electrical joining of the 
PCB's 12 and 14. 
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While the figures show that substrate material is preferably removed 
between each contact portion 28, 30, 42, 44, 70 and 72, substrate material may be 
removed between select contact portions 28, 30, 42, 44, 70 and 72. For example, 
substrate material may be removed between groups of two contact portions 28 or 
5 groups of three contact portions 28. 

Advantageously, each contact portion 28, 30, 42, 44, 70 and 72 can 
be formed with a configuration that is sufficiently fine, in terms of contact portion 
width and sharpness of contact portion edges, so as to create localized areas of 
relatively high stress concentration when the contact portions 28, 30, 42 and 44 are 
10 aligned and forced together with mating contact portions 70 and 72. These areas of 
?~ high stress concentration deform the contact portions 28, 30, 42, 44, 70 and 72 so 

; 3 as to create reliable connections between mating contact portions 28, 30, 42, 44, 70 

q and 72, while minimizing clamping forces required to make such connections. 

j : =J Preferably, each contact portion 28, 30, 42, 44, 70 and 72 is formed with a width in 

m 15 the range of 1 to 2 mm, or less. Furthermore, the edges of the contact portions 28, 

!r 30, 42, 44, 70 and 72 are preferably formed with a radius less than 0. 1mm. 

11 Figures 12-14 show a second embodiment 110 of the conductive 

];S network that includes first and second conductive devices, such as first and second 

□ 20 multi-layer PCB's 112 and 114, respectively, and a connector assembly 116 for 

connecting together the PCB's 1 12 and 1 14. The first PCB 1 12 has a first main body 
118 that includes multiple first signal layers 120 that alternate with first bridge layers 
121. A portion 122 of each first signal layer 120 and a portion 123 of each first 
bridge layer 121 preferably extend beyond the first main body 118 so as to provide 
25 access to the first signal layers 120 and first bridge layers 121 . The portions 122 and 
123 are also preferably flexible and not bonded to each other proximate distal ends 
of the portions 122 and 123, so that the portions 122 and 123 are independently 
moveable. Furthermore, the portions 122 and 123 preferably cooperate to define a 
first staggered step configuration as shown in Figure 13. 

30 Referring to Figures 15 and 16, the first signal layers 120 are 

preferably similar to the first signal layers 20 described above with respect to the 
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first PCB 12. More specifically, each first signal layer 120 preferably includes a 
first substrate 22, a plurality of first traces 24 and a first ground plane 26 such as 
described above with respect to each first signal layer 20. Each first trace 24 has a 
first contact portion 28. 

Each first signal layer 120 also preferably includes one or more first 
alignment features, such as first holes 124. Furthermore, the first holes 124 are 
preferably formed in the same manner as the first alignment features of the first PCB 
12, so as to provide precise registration of the first holes 124 with respect to the first 
contact portions 28 of a particular first signal layer 120. More specifically, one or 
more first guide features or mask features 125 are preferably formed of the same 
material and at the same time as the first traces 26 by a photo-etching process. The 
first mask features 125 cooperate to define a template, and a soft laser is used to 
ablate first substrate material that is not in the shadow of or otherwise covered by the 
template so as to define the first holes 124. Alternatively, first substrate material 
may be removed by any suitable ablation process, such as plasma ablation. 

Referring to Figures 15 and 17, each first bridge layer 121 includes 
a first bridge substrate 126, a plurality of first bridge traces 127 disposed on one side 
of the first bridge substrate 126, and one or more first fill pads 128 disposed on an 
opposite side of the first bridge substrate 126. The first bridge traces 127 are 
preferably similar to the bridge traces 68, and may be formed in a similar manner. 
Furthermore, each first bridge trace 127 includes first and second bridge contact 
portions 129 and 130, respectively. The first bridge contact portions 129 of each 
first bridge layer 121 are engageable with the contact portions of a particular first 
groung plane 26. 

The first fill pads 128 are preferably formed with similar material and 
in a similar manner as the first bridge traces 127. Each first bridge layer 121 may 
also be provided with one or more additional first fill pads 128' disposed on the same 
side of the first bridge substrate as the first bridge traces 127, but spaced away from 
the first bridge traces 127. The first fill pads 128 and 128* function to concentrate 
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clamping forces on the bridge contact portions 129 and 130, as explained below in 
greater detail. 

Each first bridge layer 121 also preferably includes one or more first 
bridge layer alignment features, such as first bridge layer holes 131. The first bridge 

5 layer holes 131 are preferably formed in the same manner as the first alignment 
features of the first PCB 12, so as to provide precise registration of the first bridge 
layer holes 131 with respect to the bridge contact portions 129 and 130. More 
specifically, one or more first bridge layer guide features or mask features 132 are 
preferably formed of the same material and at the same time as the first bridge traces 

10 127 by a photo-etching process. The first bridge layer mask features 132 cooperate 
to define a template, and a soft laser is used to ablate first bridge substrate material 
that is not in the shadow of or otherwise covered by the template so as to define the 
first bridge layer holes 131. Alternatively, first bridge substrate material may be 
removed by any suitable ablation process, such as plasma ablation. Furthermore, the 

15 first bridge layer holes 131 are alignable with the first holes 124 so as to define the 
first staggered step configuration. 

Referring to Figures 12, 14 and 15, the second PCB 1 14 has a second 
main body 133 that includes multiple second signal layers 134 that alternate with 
second bridge layers 136. A portion 138 of each second signal layer 134 and a 

20 portion 139 of each second bridge layer 136 preferably extend beyond the second 
main body 133 so as to provide access to the second signal layers 134 and second 
bridge layers 136. The portions 138 and 139 are also preferably flexible and not 
bonded to each other proximate distal ends of the portions 138 and 139, so that the 
portions 138 and 139 are independently moveable. Furthermore, the portions 138 

25 and 139 preferably cooperate to define a second staggered step configuration that 
mates with the first staggered step configuration of the first PCB 112. 

Referring to Figures 15 and 18, the second signal layers 134 are 
similar to the second signal layers 34 described above with respect to the second PCB 
14. More specifically, each second signal layer 134 preferably includes a second 
30 substrate 36, second traces 38 and a second ground plane 40 such as described above 
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with respect to each second signal layer 34. Each second trace 38 also has a second 
contact portion 42. Each second ground plane 40 has contact portions that are 
engageable with the second bridge contact portions 130 of a particular first bridge 
layer 121. 

5 Each second signal layer 134 also preferably includes one or more 

second alignment features, such as second holes 140. Furthermore, the second holes 
140 are preferably formed in the same manner as the first holes 124 of the first PCB 
112, so as to provide precise registration of the second holes 140 with respect to the 
second contact portions 42 of a particular second signal layer 134. 

10 Referring to Figures 15 and 19, each second bridge layer 136 includes 

a second bridge substrate 142, a plurality of second bridge traces 144 disposed on 
one side of the second bridge substrate 142, and one or more second fill pads 146 
disposed on an opposite side of the second bridge substrate 142. The second bridge 
traces 144 are preferably similar to the bridge traces 68, and may be formed in a 

15 similar manner. Furthermore, each second bridge trace 144 includes first and second 
bridge contact portions 148 and 150, respectively. The first bridge contact portions 
148 of each second bridge layer 136 are engageable with the first contact portions 28 
of a particular first signal layer 120. The second bridge contact portions 150 of each 
second bridge layer 136 are engageable with the second contact portions 42 of a 

20 particular second signal layer 134. 

The second fill pads 146 are preferably formed with similar material 
and in a similar manner as the second bridge traces 144. Each second bridge layer 
136 may also be provided with one or more additional second fill pads 146' disposed 
on the same side of the second bridge substrate as the second bridge traces 144, but 
25 spaced away from the second bridge traces 144. The second fill pads 146 and 146' 
function to concentrate clamping forces on the bridge contact portions 148 and 150, 
as explained below in greater detail. 

Each second bridge layer 136 also preferably includes one or more 
second bridge layer alignment features, such as second bridge layer holes 151. The 
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second bridge layer holes 151 are preferably formed in the same manner as the first 
bridge layer holes 131 of the first PCB 112, so as to provide precise registration of 
the second bridge layer holes 151 with respect to the bridge contact portions 148 and 
150. Furthermore, the second bridge layer holes 151 are alignable with the second 
5 holes 140 so as to define the second staggered step configuration. 

The PCB's 112 and 114 are preferably made in a similar manner as 
described above with respect to the PCB's 12 and 14. More specifically, each signal 
layer 120 and 134 and each bridge layer 121 and 136 is preferably made by a photo- 
etching process followed by laser ablation, or other suitable ablation process, such 
10 as described above in detail. The first signal layers 120 and the first bridge layers 
^ 121 are then bonded together and cut to a desired size and shape so as to form the 

; : 2 first PCB 1 12 having the first main body 1 18 and portions 122 and 123 that extend 

I j from the first main body 118. Similarly, the second signal layers 134 and the second 
l-i bridge layers 136 are then bonded together and cut to a desired size and shape so as 
m 15 to form the second PCB 1 14 having the second main body 133 and portions 138 and 
% f 139 that extend from the second main body 133. Alternatively, the signal layers 120 
I™ and/or 134 and the bridge layers 121 and/or 136 may be cut or otherwise shaped 

II prior to bonding the signal layers 120 and/or 134 and the bridge layers 121 and/or 
J;^ 136 together. 

20 Referring to Figures 12-14, the connector assembly 116 is used to 

align and force together the first and second staggered step configurations of the first 
and second PCB's 112 and 114, respectively, so as to electrically join together the 
first and second traces 24 and 38, as well as the first and second ground planes 26 
and 40. The connector assembly 116 includes first and second fixtures 152 and 154, 

25 respectively, and one or more clamping devices such as fasteners 156. The first 
fixture 152 is connected to the first PCB 112 such that the portions 122 and 123 of 
the first signal layers 120 and the first bridge layers 121, respectively, cooperate to 
define the first staggered step configuration. For example, the first fixture 152 may 
include one or more first alignment members, such as first pins 158, that extend 

30 through the first holes 124 of the first signal layers 120 and the first bridge layer 
holes 131 of the first bridge layers 121. Preferably, the first fixture 152 includes two 
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first pins 158, each first signal layer 120 includes two first holes 124, and each first 
bridge layer 121 includes two first bridge layer holes 131. Advantageously, because 
the portions 122 and 123 are flexible and moveable with respect to each other, the 
portions 122 and 123 may be easily positioned so as to define the first staggered step 
configuration. 

The second fixture 154 is connected to the second PCB 1 14 such that 
the portions 138 and 139 of the second signal layers 134 and the second bridge layers 
136, respectively, cooperate to define the second staggered step configuration. For 
example, the second fixture 154 may include one or more second alignment members 
such as second pins 160 that extend through the second holes 140 and the second 
bridge layer holes 151. Preferably, the second fixture 154 includes two second pins 
160, each second signal layer 134 includes two second holes 140, and each second 
bridge layer 136 includes two second bridge layer holes 151. Advantageously, 
because the portions 138 and 139 are flexible and moveable with respect to each 
other, the portions 138 and 139 may be easily positioned so as to define the second 
staggered step configuration. 

To electrically join the PCB's 112 and 114, the fixtures 152 and 154 
may first be snapped together or otherwise moved toward each other. Preferably, 
each fixture 152 and 154 includes a flange portion 162 that engages the other fixture 
152 or 154 so as to properly align the fixtures 152 and 154 when the fixtures 152 and 
154 are moved together. The fasteners 156 are then inserted into corresponding 
apertures in the fixtures 152 and 154, and the fasteners 156 are tightened so as to 
apply a clamping force on the portions 122, 123, 138 and 139 of the PCB's 112 and 
114. Referring to Figure 15, when the clamping force is applied, the first bridge 
traces 127 of the first bridge layers 121 electrically join the first and second ground 
planes 26 and 40, respectively, of the first and second signal layers 120 and 134, 
respectively. Furthermore, the second bridge traces 144 of the second bridge layers 
136 electrically join the first and second traces 24 and 38, respectively, of the first 
and second signal layers 120 and 134, respectively. 
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Advantageously, the fill pads 128, 128', 146 and 146' concentrate the 
clamping force at the contact portions 28, 42, 129, 130, 148 and 150 so as to 
improve contact between the PCB's 112 and 114. Substrate material may also be 
removed from the signal layers 120 and 134 and/or the bridge layers 121 and 136, 
5 such as described above with respect to the network 10, so as to improve flexibility 
of one or more of the contact portions 28, 42, 129, 130, 148 and 150. 

It is to be understood that the first and second bridge layers 121 and 
136, respectively, may also function as signal layers within the first and second main 
bodies 118 and 133, respectively, of the first and second PCB's 112 and 114, 
10 respectively. For example, each bridge layer 121 and 136 may be provided with 
O multiple conductive traces and/or a ground plane. 

!;3 Figures 20-22 show a third embodiment 210 of the conductive network 

| f| that includes first and second conductive devices, such as first and second printed 

::L; circuit boards (PCB's) 212 and 214, respectively, and a connector assembly 216 for 

15 connecting together the PCB's 212 and 214. Referring to Figures 23-25, the first 
12 PCB 212 includes a first substrate 218, a plurality of first traces 220 disposed on one 

N side of the first substrate 218, and a first ground plane 222 disposed on an opposite 

3=5 side of the first substrate 218. Each first trace 220 includes a generally planar first 

* 3 surface 224 spaced away from the first substrate 218. Each first surface 224 defines 

20 a plurality of first edges such as side edges 226 and end edge 228. Preferably, but 
not necessarily, each end edge 228 is slanted as shown in Figure 23. 

First substrate material may also be removed between adjacent first 
traces 220, in a similar manner as described above, so as to form a plurality of first 
apertures such as first gaps or notches 229. With such a configuration, each first 
25 trace 220 may be independently displaced with respect to the other first traces 220. 
Alternatively, first substrate material may be removed between select first traces 220, 
or the first substrate 218 may be left intact. 

The first ground plane 222 includes a main portion 230 and a plurality 
30 of ground extensions 232 extending from the main portion 230. The main portion 
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230 may have any suitable configuration such as a solid plane, as shown in Figure 
24, or cross-hatched configuration as is known in the art. 

The first PCB 212 also includes one or more first alignment features 
such as tabs 234. The tabs 234 are used to align the first traces 224 with respect to 
5 the second PCB 214, as explained below in greater detail. The tabs 234 also provide 
support for the ground extensions 232. 

The tabs 234 are preferably formed in the same manner as the first 
alignment features of the first PCB 12, so as to provide precise registration of the 
tabs 234 with respect to the first traces 224. More specifically, each tab 234 
10 preferably has a backing layer 236 that is formed in the same manner and at the same 
time as each first trace 224. The backing layers 236 are preferably used as guide 
features or mask features for forming the tabs 234 by laser ablation, or other suitable 
ablation process, such as described above in detail. Advantageously, the backing 
layers 236 also increase stiffness of the tabs 234. 

15 The second PCB 214 includes a second substrate 238, a plurality of 

second traces 240 disposed on one side of the second substrate 238, and a second 
ground plane 242 disposed on an opposite side of the second substrate 238. Each 
second trace 240 includes a generally planar second surface 244 spaced away from 
the second substrate 238. Each second surface 244 defines a plurality of second 

20 edges such as side edges 246. 

The second PCB 214 also includes one or more second alignment 
features such as slots 248. The slots 248 are configured to receive the tabs 234 so 
as to align the traces 220 and 240 in a desired orientation. Preferably, as shown in 
25 Figure 25, the traces 220 and 240 are aligned such that the first traces 220 are 
laterally offset with respect to the second traces 240. 

The slots 248 are preferably formed in the same manner as the second 
alignment features of the second PCB 14, so as to provide precise registration of the 
slots 248 with respect to the second traces 240. More specifically, U-shaped guide 
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features or mask features 250 are preferably formed in the same manner and at the 
same time as the second traces 240. The mask features 250 are then used as a cutting 
template for forming the slots 248 by laser ablation, or other suitable ablation 
process, such as described above in detail. 

5 The PCB's 212 and 214 are preferably made in a similar manner as 

described above with respect to the PCB's 12 and 14. More specifically, each PCB 
212 and 214 is preferably made by a photo-etching process followed by laser 
ablation, or other suitable ablation process, such as described above in detail. 

Referring to Figures 20-22, the connector assembly 216 is used to 

O 10 electrically join together the first and second traces 220 and 240, respectively, as 

J;^ well as the first and second ground planes 222 and 242, respectively. The connector 

;:3 assembly 216 includes first and second connector portions or fixtures 252 and 254, 

1 5 respectively, and a clamping device 256. The first and second fixtures 252 and 254 

j;[J are engageable with each other so as to join the PCB ? s 212 and 214 at an angle with 

n: 15 respect to each other, as shown in Figure 22. 

The first fixture 252 is connected to the first PCB 212 in any suitable 
j=5 manner, and includes a cavity 258 for receiving the second fixture 254. The first 

' 3 fixture 252 further includes one or more guide slots 260, and each guide slot 260 

preferably includes an enlarged portion 261. The first fixture 252 also includes the 
20 clamping device 256, which is preferably a flexible latch as shown in Figure 20. 

Alternatively, the clamping device 256 may be provided as part of the 
second fixture 254, or separate from either fixture 252 or 254. Furthermore, the 
clamping device 256 may be any suitable device such as one or more screws or bolts 
(not shown). 

25 The second fixture 254 is connected to the second PCB 214 in any 

suitable manner, and includes a projection 262 that is insertable into the cavity 258. 
The second fixture 254 further preferably includes first and second guide pegs 264 
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and 266, respectively, on both sides of the second fixture 254 (only one pair of guide 
pegs 264 and 266 is shown in Figure 21). 

To electrically join the PCB's 212 and 214, the second fixture 254 is 
5 inserted into the first fixture 252 such that the guide pegs 264 and 266 are inserted 
into the guide slots 260. As the fixtures 252 and 254 are moved toward each other, 
the tabs 234 mesh with the slots 248 so as to properly align the first traces 220 with 
the second traces 240. When the first guide pegs 264 reach the enlarged portions 
261 of the guide slots 260, the second fixture 254 rotates slightly clockwise, with 
10 respect to Figures 21 and 22. The second fixture 254 is then clamped against the 
first fixture 252 with the clamping device 256. 

Referring to Figure 22, because the second fixture 254 is able to rotate 
slightly with respect to the first fixture 252, the angle a between the PCBs 212 and 
214 increases slightly. This action produces a clamping or contact force which 

15 forces the traces 220 and 240 against each other. More specifically, referring to 
Figures 23- 25, the end edge 228 of each first trace 220 is forced against a side edge 
246 of a particular second trace 240 so as to define or otherwise form an area of 
contact, which in this case is a point contact. Because the traces 220 and 240 are 
forced together at an angle, a portion of each first surface 224 proximate a respective 

20 point contact is non-parallel with a portion of a respective second surface 244 
proximate the respective point contact. 

Advantageously, because each pair of mating edges 228 and 246 
preferably forms a point contact, the contact force may be concentrated over a 
relatively small area. As a result, the traces 220 and 240 may be sufficiently 
25 deformed at the point contacts so as to establish reliable connections between the 
traces 220 and 240. 

Furthermore, because the edges 228 and 246 are precisely defined by 
the photo-etching process, the edges 228 and 246 are sharp. Preferably the radius 
of each edge 228 and 246 is less than 0. 1mm. Thus, when the edges 228 and 246 
30 are forced together, the edges 228 and 246 are able to break through oxides and 
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displace any insulating debris that may have collected on the traces 220 and 240. 

Because the first traces 220 are preferably independently moveable as 
described above, the conductive network 210 is able to overcome any non- 
5 coplanarity of the first traces 220 and/or second traces 240. Alternatively or 
supplementally, the second PCB 214 may be provided with apertures, such as 
notches, between adjacent second traces 240, so that each second trace 240 is 
independently moveable. 

10 It should be noted that if the end edges 228 of the first traces 220 are 

not slanted, when the end edges 228 are forced against the second traces 240, each 
end edge 228 will form an area of contact, such as a line of contact, with a particular 
second surface 244. Again, however, a portion of each first surface 224 proximate 
a respective line of contact will be non-parallel with a portion of a respective second 

15 surface 244 proximate the respective line of contact. 

The contact force also forces together the ground extensions 232 and 
the second ground plane 242. Each ground extension 232 forms an area of contact, 
such as a line of contact, with an end edge 266 of the second ground plane 242. 
20 Alternatively, each ground extension 232 may be provided with a slanted end edge 
that precisely mates with an end edge 266 of the second ground plane 242 so as to 
form a point contact. 

As mentioned above, the tabs 234 preferably include backing layers 
236 to increase stiffness of the tabs 234, which thereby increases the contact force. 
25 Similarly, the second ground plane 24^\may be extended between the slots 248 to 
increase the stiffness of the second PCB 214 and thereby increase the contact force. 

It should be noted that there are various other alternatives for joining 
an edge of one trace to a portion of another trace so as to form an area of contact 
such as a line of contact or a point contact. For example, Figure 26 shows a fourth 
30 embodiment 310 of the conductive network according to the invention that includes 
first and second conductive devices, such as first and second PCB's 312 and 314, 
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respectively. The first PCB 312 includes a first substrate 316, a plurality of first 
traces 318 disposed on one side of the first substrate 316, and a first ground plane 
320 disposed on an opposite side of the first substrate 316. Each first trace 318 
includes a generally planar first surface 322 spaced away from the first substrate 316. 
5 Each first surface 322 defines a plurality of first edges such as first side edges 324 
and first end edges 326. Similar to the first PCB 212 described above, each first end 
edge 326 is preferably slanted. 

The second PCB 314 includes a second substrate 328, a plurality of 
second traces 330 disposed on one side of the second substrate 328, and a second 

10 ground plane 332 disposed on an opposite side of the second substrate 328. Each 
second trace 330 includes a generally planar second surface 334 spaced away from 
the second substrate 328. Each second surface 334 defines a plurality of second 
edges such as second side edges 336 and second end edges 338. Preferably, but not 
necessarily, each second end edge 338 may be formed with a staggered step 

15 configuration as shown in Figure 26. For clarity purposes, the second substrate 328 
has been broken away in Figure 26 so as to reveal ends of two of the second traces 
330. 

Furthermore, substrate material may also be removed between 
adjacent second traces 330 so as to form a plurality of apertures such as gaps or 
20 notches 339. With such a configuration, each second trace 330 may be 
independently displaced with respect to the other second traces 330. Alternatively, 
substrate material may be removed between select second traces 330. 

To electrically join the PCB's 312 and 314, the PCB's 312 and 314 
are positioned adjacent each other and are forced together such as with any suitable 

25 clamping device. With the configuration of the PCB's 312 and 314 described above, 
it is not necessary that the PCB's 312 and 314 be joined at an angle. Instead, 
because of the notches 339, each second trace 330 may twist or otherwise rotate with 
respect to a particular first trace 318 when the PCB's 312 and 314 are forced 
together. As a result, each first end edge 326 will mate with a second surface 334 

30 and/or a second end edge 338 of a particular second trace 330. For example, if each 
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second trace 330 does not substantially flex vertically as the PCB's 312 and 314 are 
forced together, then a distal portion 340 of each second end edge 338 may mate with 
a particular first end edge 326 so as to define or form a point contact. If, however, 
each second trace 330 does flex vertically as the PCB's 312 and 314 are forced 
5 together, then each first end edge 326 may mate with a second surface 334 of a 
particular second trace 330 so as to form a line of contact. In this case, at least one 
of the intermediate portions 342 of each second end edge 338 will preferably form 
a point contact with a respective first end edge 326. 

Because the second traces 330 are able to twist with respect to the first 
10 traces 318, each second surface 334 proximate a respective end of a respective 
second trace 330 will be non-parallel with a respective first surface 322 of a 
respective first trace 318. Thus, no matter what type of area of contact is formed 
between a pair of mating traces 318 and 330, a portion of each first surface 322 
proximate a respective area of contact will preferably be non-parallel with a portion 
15 of a respective second surface 334 proximate the respective area of contact. 

Alternatively or supplementally, the first PCB 312 may be provided 
with apertures such as gaps or notches between adjacent first traces 318 so that the 
each first trace 318 may twist or otherwise rotate. In any case, the first traces 318 
are preferably laterally offset with respect to the second traces 330 to facilitate 
20 twisting of the traces 318 and/or 330. 

It should be noted that with such a configuration as shown in Figure 
24, the ground planes 320 and 332 may be connected together in any suitable 
manner. For example, the ground planes 320 and 332 may be connected together 
with micro-vias 344. Furthermore, the micro-vias 344 may be formed by laser 
25 ablation, or other suitable ablation process, as is known in the art. 

As another example, an area of contact between a pair of traces may 
be formed by angling the traces horizontally and vertically with respect to each other, 
such that a side edge of one trace will intersect a surface (so as to form a line of 
contact) or a side edge (so as to form a point contact) of the other trace. 
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In general terms, an area of contact between an edge of one trace and 
a surface or edge of another trace may be formed by establishing two angles between 
the traces to be joined, wherein both angles are preferably less than 180 degrees. 
For example, as described above, a first angle may be established between two traces 
5 by configuring an end edge of one trace so that the end edge is slanted with respect 
to a side edge of the other trace. Alternatively, the first angle may be established 
between the traces by configuring the end edge of the one trace so that it is 
perpendicular with respect to the side edge of the other trace. A second angle may 
be established between the two traces by tilting the one trace with respect to the other 
10 trace so that the end edge of the one trace contacts the side edge or a surface of the 
other trace. Alternatively, the second angle may be established between the traces 
by rotating or twisting one trace with respect to the other trace. 

While embodiments of the invention have been illustrated and 
described, it is not intended that these embodiments illustrate and describe all 

15 possible forms of the invention. Rather, the words used in the specification are 
words of description rather than limitation, and it is understood that various changes 
may be made without departing from the spirit and scope of the invention. For 
example, although for each embodiment described above, the conductive devices are 
shown as printed circuit boards, each conductive device may be any suitable 

20 transmission line structure provided with or without a ground plane. 
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